Respiration and activity of eelpouts Zoarces viviparus L. were measured in an underwater respiration chamber in Kiel Bay (Germany) under short-term hypoxia. Respiration and swimming activity both declined almost continuously w~t h decreasing oxygen saturation. Oxygen consumption dropped from an average of 300 mg 0, kg,,'
INTRODUCTION
Oxygen depletion in the coastal waters of the Western Baltic has recently become more frequent (Rumohr 1986 , Babenerd & Meyerhofer 1988 , Weigelt 1988 , Gerlach 1990 ). Mainly in the late summer months, when strong south-westerly winds cause upwelling of oxygen-free deep water, oxygen saturation in the shallows of the fjords drops from 100 to 0 % saturation in less than 1 h (Fig. 1 ). During such an event, on the night of 24 October 1987, more than 400 000 fish suffocated within a few hours in Eckernforder Bight (Western Baltic). Most of them were found washed ashore or floating in less than 1 m water with spread operculae, typical for death caused by asphyxiation. The most affected fish species were the benthic eelpout Zoarces viviparus L. and the seabull Myoxocephalus scorpius which accounted for more than 95 % of the dead fish biomass (Kils et al. 1989) .
Species living under such unstable environmental conditions often show morphological, physiological or behavioural adaptations. They either try to escape from deteriorating areas (Whithmore et al. 1960 , Kramer 1987 or they are able to survive under extreme environmental conditions (Magnuson & Karlen 1970 , Petrosky & Magnuson 1973 , Davis 1975 . The Blennidae Blennius pholis, e.g. living in rockpools on stony coastlines, may tolerate changes in water oxygen saturation of up to 280 % within 24 h due to physiological adaptions of the haemoglobin (Bridges 1987) . Brook sticklebacks Culaea inconstans can survive hypoxic conditions in ice-covered lakes ca 5 times longer when gas bubbles are present (Klinger et al. 1982) . Because of their dorsoventral flattened headshape and a hypoxic-induced upwards movement to the ice-covered surface they are able to use air-bubbles for additional oxygen supply. In our paper, we focus on the behavioural and respiratory response of the benthic eelpout Zoarces viviparus, one of the most common species in the Western Baltic, to short-term hypoxia.
MATERIALS AND METHODS
The experiments were done in situ in May 1989 and July 1990 in the inner part of fie1 Fjord (Western Baltic). The swimming laboratory 'ATOLL', a circular experimental platform (diameter = 27 m, freeboard = 2.1 m, draught = 0.38 m; fils 1986) ( Fig. 2) , was anchored at a typical natural habitat of Zoarces viviparus, with big cobbles and dense macrophyte vegetation, in about 4 to 6 m water depth. The mean water temperature was 12.2 f 1.8 "C, which is typical of late summer water temperatures, when hypoxia often becomes a probiem in this area. The mean salinity was 13.8 + 0.8 Yw. All experiments were conducted under natural daylight. The eelpouts were caught by scuba diving, dip-net (1 X 1 m) and trap close to the laboratory. The mean length and weight of the fish were 20.5 f 4.9 cm and 40.26 f 21.5 g respectively; the length-weight relationship was W = 0.00486 X For measurements, a cubic (length = 25 cm, height = 24 cm, depth = 38 cm, volume = 23.75 1) and a round (diameter = 44.5, height = 25 cm, volume = 20.56 1) respiration chamber were mounted 40 cm below the water surface in front of the underwater windows of the laboratory (Fig. 2 ). Oxygen saturation in the chambers was logged every 0.5 s with a polarographic electrode (WTW OXY-196). Oxygen saturation decreased due to respiration of the fish from 95 % (normoxic conditions) to 12 % (Expt l), 2 % (Expt 2) and 0 % (Expt 3) in 1.0, 2.5 and 3.2 h respectively. Respiration was calculated on a wet weight basis as mg O2 kg,;' h-', integrating the decrease of oxygen saturation in the chamber over 200 S. The general behaviour of the fish was observed directly from the underwater window of the laboratory. An underwater video camera, fixed 130 cm from the front glass of the cubic chamber allowed for quantification of the horizontal and vertical swimming activity. On a reference grid, dividing the transection of the chamber into 3 rows and 3 columns, swimming activity was evaluated as the number of horizontal or vertical field changes per fish per minute. For each saturation level, the horizontal and vertical swimming activity of 20 fish was measured over a period of 2 min each. In a control, respiration and activity were monitored under normoxic conditions (95 %) for a period of 70 min (Fig. 3) .
RESULTS
The respiration rate of Zoarces viviparus declined nearly continuously with decreasing oxygen saturation ( Fig. 4a ): in all 3 experiments, oxygen consumption dropped from ca 300 mg O2 kg,;'
h-' at 95 % saturation to ca 30 mg O2 k g ,~' h-' at 12 % saturation. Corresponding to respiration, horizontal ( Fig. 4b) and vertical swimming activity of Z. viviparus (Fig. 4c ) decreased with reduced oxygen tensions. However, both activity measures showed a more rapid decrease at the higher saturation levels relative to respiration. A slight plateau or increase was observed in vertical swimming activity between 70 and 50 % oxygen saturation in Expt 3 and between 95 % and 80 % in Expt 2. Below 30 % oxygen saturation most of the eelpouts rested Expt 1 was terminated after 12 % saturation was reached. In Expt 2, the eelpouts consumed oxygen until 2 % saturation was reached. At this low level, respiration dropped to ca 10 mg O2 kg,.;' h-' but all eelpouts still showed gill ventilation. In Expt 3, 0 % saturation was reached in the chamber; sw~rnming activity was no longer observed and the first eelpouts began to cease gill ventilation. Twenty minutes after 0 % saturation was reached, all fish had stopped gill ventilation and appeared to be dead. After 60 min of anoxia, oxygen tension was raised back to 95 % saturation. About 30 min later, the first eelpouts resumed gill ventilation as well as activity. After another 30 rnin, all eelpouts had recovered and showed normal activity. All individuals survived the subsequent 3 weeks without external sign of damage.
DISCUSSION
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Eelpouts seem to be well adapted to short-term hypoxia. The rapid decreases in respiration and swimming activity with decreasing oxygen saturations indicate a completely different survival strategy to that observed in many other fish species during hypoxia. Rather than escaping from deteriorating areas (Randall 1970 , Kramer 1987 , Zoarces viviparus reduces activity and respiration at a very early phase of oxygen depletion and rests nearly motionless on the bottom. Furthermore, the eelpouts were able to take up oxygen from the water Oxygen saturation (%) even at saturation levels below 5 %. Many other fish species are only capable of taking up oxygen at saturations levels above 20 to 40 % (Davis 1975) . Broberg & Kristoffersen (1983) found a similar trend in respiration rate in eelpout embryos and juveniles associated with a remarkably high lactate tolerance in their blood. They assumed that this might be an adaptation to viviparous reproduction in this species where the embryos may be exposed to hypoxic conditions in the abdominal cavity of the females. Furthermore, they supposed that embryonic eelpouts are able to excrete lactate directly into the surrounding medium to keep the lactate accumulation in the tissue low. These authors could not find such an excretion mechanism in adults. In our experiments, all eelpouts survived for 60 min in oxygen-free water. Although no gill ventilation could be observed after this time, all individuals resumed ventilation within 1 h after return to normal oxygen conditions. This high tolerance to short-term anoxia of adult eelpouts indicates an adaptation mechanism analogous to that observed in the embryos and juveniles. Therefore, the early reduction of respiration and activity during the onset of hypoxia might not only be forced by lack of oxygen causing respiratory dependence (Davis 1975) but can also be regarded as a behavioural response in order to minimize accumulation of anaerobic metabolic products in tissues, thus extending the survival time under hypoxic conditions. However, such a behaviour can only be advantageous when hypoxic conditions are of short duration.
In our experiments, we simulated hypoxic conditions for not longer than 3 to 4 h. However, field observation in the Western Baltic show that eelpouts are amongst the most affected species when oxygen depletion continues for longer periods (Kils et al. 1989 ). Therefore, further investigations are required to show whether the observed behaviour occurs only during short-term hypoxia or if eelpouts show a different behaviour under hypoxic conditions in general compared to other fish species. Nevertheless, eelpouts seem to be very sensitive to changes In water oxygen content. The early reduction of respiration and activity combined with the presumed high lactate tolerance of this species seems to be an appropriate adaptation for survival of short-term hypoxia. These physiological and behavioural responses will be important especiaIly for a benthic fish species with low escape capacity and may be one of the reasons for the hlgh reproductive success of eelpouts observed in the coastal waters of the Western Baltic, despite the wide-spread fish-kills in recent years. The mortality in a fish with such an extreme tolerance to quite low but short-term hypoxial conditions should alert countries bordering the Baltic Sea that deterioration of water quality In the Baltic may reach a point of increasing ecological instability.
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